The objective of this study was to evaluate nutrient cycling and accumulation in pearl millet and Paiaguas palisadegrass biomass under different forage systems and sowing periods. The experiment followed a randomized block design with a 5 × 2 factorial arrangement and three replications, under five forage systems (monocropped pearl millet, monocropped Paiaguas palisadegrass, pearl millet intercropped in rows with Paiaguas palisadegrass, pearl millet intercropped between rows of Paiaguas palisadegrass and pearl millet oversown and intercropped with Paiaguas palisadegrass) and in two sowing periods (February and March). The results showed that Paiaguas palisadegrass monocropped or intercropped in rows or between rows, exhibited the highest nutrient cycling and accumulation in the remaining biomass. Nutrient accumulation the under all of the examined forage systems showed the following decreasing order: K > N > Mg > Ca > P > S. Potassium was the nutrient exhibiting the greatest accumulation in the biomass and it exhibited a higher percent decrease with decomposition time. The first sowing period for the forage systems led to higher nutrient cycling and accumulation in the biomass. Intercropped systems through in integrated crop-livestock showed a promising technique to maintain the nutrient cycling and accumulation with sustainability.
INTRODUCTION
The use of cover crops under a no-tillage system (NTS) is aimed at providing protection for the soil surface against the direct impact of raindrops, reducing the risk of erosion and allowing greater particle aggregation. Additionally, cover crops have the ability to absorb nutrients in subsurface layers and subsequently release them in surface layers after decomposition and mineralization of the residues. Thus, cover crops harbor considerable nutrient reserves for the growth and development of the subsequent crop, contributing to a decrease in costs and efficient use of fertilizers in successive annual crops (TORRES et al. 2008 When choosing a cover crop to supply the biomass required for maintaining a no-tillage system, the climatic conditions of the region must be considered. In the Cerrado, winter is dry and prolonged, and the presence of high temperatures throughout the year hinders biomass from remaining on the soil surface (PACHECO et al. 2008 ).
An alternative that can contribute to higher efficiency in preserving vegetation cover is the combination of an crop-livestock integration (CLI) system with NTS (MACEDO 2009 ). The success of this strategy is because the straw accumulated from cover crops and from pasture and crop residues provides an environment that is favorable for the recovery and/or maintenance of the chemical and physical properties of the soil (ASSMANN et al. 2008) , while the cover crops promote a high nutrient cycling rate throughout the straw decomposition cycle. This contributes to a decrease in production costs and important environmental gains for the soil and water resources as well as decreased pressure on non-renewable sources of fertilizer (TORRES et al. 2008) .
Nutrient availability for the subsequent crop is directly related to nutrient availability in the soil and rate of nutrient release from its residues. Understanding the factors and processes that control nutrient cycling allows nutrient availability to be synchronized with the demands of the subsequent crop (FERREIRA et al. 2011 ). However, different crops have different capacities to accumulate nutrients in their biomass, with these nutrients subsequently being released into the soil via decomposition of crop residues (NUNES et al. 2010) . Some studies have shown the potential of millet, sorghum, corn, Urochloa brizantha and other forage species to accumulate nutrients in their biomass and promote a high rate of nutrient cycling throughout their straw decomposition cycle (TORRES and PEREIRA 2008) .
Although the benefits of crop-livestock integration and no-tillage systems are established, information is still lacking regarding nutrient accumulation and release in cover crops in the intercropping of pearl millet with the new cultivar Urochloa brizantha under offseason conditions. Thus, the objective of the present study was to evaluate nutrient cycling and accumulation in the biomass of pearl millet and Paiaguas palisadegrass under different forage systems and sowing periods in integrated crop-livestock.
MATERIALS AND METHODS
The experiment was conducted in the field (17°48' S; 50°55' W; and 748 m altitude), in the municipality of Rio Verde, Goiás, Brazil, during the 2014 off-season in a Latossolo Vermelho Distroférrico (EMBRAPA 2013) , an Oxisol (Soil Survey Staff, 2014) .
Soil samples were collected before planting to determine the physical and chemical characteristics of the 0-0.2 m soil layer. The results were as follows: 600, 140 and 260 g kg -1 of clay, silt and sand, respectively; pH in CaCl2: 6.02; Ca: 3.50 cmolc dm -3 ; Mg: 1.43 cmolc dm -3 ; Al: 0.05 cmolc dm -3 ; Al+H: 5.90 cmolc dm -3 ; K: 0.35 cmolc dm -3 ; CEC: 11.18 cmolc dm -3 ; V: 47.22 %; P (Mehlich): 2.29 mg dm -3 ; Cu: 3.50 mg dm -3 ; Zn: 5.10 mg dm -3 ; Fe: 34.1 mg dm -3 ; O.M.: 37.06 g kg -1 .
The experiment followed a randomized block design with a 5 × 2 factorial arrangement and three replications, comprising five forage systems (monocropped pearl millet, monocropped Paiaguas palisadegrass, pearl millet intercropped in rows with Paiaguas palisadegrass, pearl millet intercropped between rows of Paiaguas palisadegrass and pearl millet oversown and intercropped with Paiaguas palisadegrass) and two sowing periods (February and March). The ADR 8010 pearl millet hybrid, which is medium-sized and dual purpose (grain production and forage), was used. Soil acidity was corrected with calcitic lime with 100 % TRNP (total relative neutralizing power), with the application of 675 kg ha -1 at 30 days before sowing.
One week before implementing the experiment, level harrowing was conducted again, and the field was sown in furrows using a seeder with 0.50-m inter-row spacing. The furrows for sowing Paiaguas palisadegrass in between rows and for oversowing pearl millet were manually dug to a 3 cm depth using hoes.Sowing was carried out on February 12 and March 4 for the first and second periods, respectively, using 240 kg ha -1 of P2O5 (single superphosphate form) and 20 kg ha -1 of FTE BR 12 fertilizer.
Monocropped and intercropped pearl millet was sown at a 0.03-m depth. Paiaguas palisadegrass was sown in the rows at a 0.06-m depth and in between rows at 0.25 m from the pearl millet rows, and in the oversown system, it was sown 15 days after sowing pearl millet in the between rows at 0.25 m. For pearl millet, 12 kg of seeds ha -1 were used, seeking to obtain a final population between 250 and 300 thousand plants ha -1 , and 5 kg of pure viable seeds per hectare were used for the forage species. The plots comprised eight 3.0-m-long rows in all forage systems. The usable area was obtained by only considering the four central rows and eliminating 0.5 m from the end of each row. At 30 and 50 days after sowing (DAS), 60 kg ha -1 nitrogen and 40 kg ha -1 K2O (in urea and potassium chloride forms, respectively) were applied by casting.
Pearl millet grains were manually harvested at 115 and 118 DAS for the first and second sowing periods, respectively, when the plants were at the physiological maturity stage. The remainder of the plants (stems and leaves) were left at the site for the evaluation of straw. After the pearl millet was harvested, the dry weight production of the Paiaguas palisadegrass was evaluated in the off-season crop (simulating grazing) over successive cuttings, in which 1-m 2 samples were collected by randomly placing a quadrat within each plot and cutting at a 0.20-m height from the ground to maintain an adequate residue height to promote grass regrowth.
The first cutting was performed at the time of the pearl millet harvest, on 06/04/14 and 06/24/14 for the first and second periods, respectively. The second cutting occurred 79 days after the first, on 08/22/14 (first period), and 72 days after the first, on 09/04/14 (second period). After both cuttings were performed, standard cutting of all plants at the experimental site was carried out, at the same height as for the evaluated plants, and the resulting residue was removed from the site. Next, the Paiaguas palisadegrass was left to rest for regrowth, to allow it desiccate it to form biomass for soybean planting during the next crop season.
Desiccation was conducted on 10/31/14 through application of the herbicide glyphosate at a dose of 4.5 L ha -1 (588 g L -1 ) and spray volume of 150 L ha -1 . To quantify biomass production, straw samples were collected one day before planting of the soybean crop by randomly placing a 1 m 2 quadrat within each plot. The plant material inside the quadrat was cut, using a height of 0.05 m from the soil surface as a reference. The cut material was weighed, and the samples were dried to constant weight in a forced-air oven at 55ºC, and the amounts were extrapolated to kg ha -1 .
Intacta RR 2 PRO soybean cultivar M 7110 plants were sown under a no-tillage system above the biomass of the forage systems. At sowing, the soybeans were inoculated with strains of Bradyrhizobium japonicum (SEMIA 5079 -CPAC 15 and SEMIA 5080 -CPAC 7), with a minimum guarantee of 7.2 × 10 9 CFU g -1 (Biomax Premium Turfa commercial brand) in the following proportion: 60 g / 50 kg of seeds. Sowing was carried out on 11/20/2014 using a seeder, with the application of 120 kg ha -1 P2O5, 30 kg ha -1 K2O, 2 kg ha -1 boron, 0.4 kg ha -1 molybdenum and 6 kg ha -1 zinc, in the form of single superphosphate, potassium chloride, boric acid, molybdenum sulfate and zinc sulfate, respectively.
Weeds were controlled using the herbicide Transorb (3.5 L ha -1 ), with a spray volume of 150 L ha -1 , on 12/17/14. One application of the insecticide chlorpyrifos (L ha -1 ) was performed to control the soybean caterpillar (Anticarsia gemmatalis), and one preventive application of the fungicide azoxystrobin + cyproconazole (0.3 L ha -¹) was performed on 01/13/2015.
To quantify biomass production, straw samples were collected by randomly placing a 1m 2 quadrat within each plot. The plant material was cut, using a height of 0.05 m from the soil surface as a reference. The cut material was weighed, and the samples were dried to constant weight in a forced-air oven at 55ºC, and the amounts were extrapolated to kg ha -1 .
After this management procedure (cutting), the fresh biomass from each plot was placed in nylon litter bags for decomposition (Thomas and Asakawa, 1993) . The bags consisted of a 2-mm mesh and measured 15 × 20 cm. Four bags containing residues of the studied species in an amount proportional to the dry biomass produced per hectare were deposited in direct contact with the soil. At 30, 60, 90 and 120 days after cutting, one litter bag was removed from each plot to evaluate the remaining biomass and determine the decomposition time during the 120-day period (soybean harvest).
After cleaning the material in the laboratory to remove adhered soil, it was dried in an oven at 55 ºC for 72 h to obtain the dry biomass. Next, samples of the plant material were ground to determine the concentration of the following macronutrients according to the method proposed by Malavolta et al. (1997) : nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S). The macronutrient concentrations were multiplied by the biomass production to evaluate nutrient accumulation in the biomass, and the results are expressed as kg ha -1 .
During the experiment, daily rainfall and the mean monthly temperature were monitored ( Figure 1 ). Jan.14 Febr.14 Mar.14 Apr.14 May.14 Jun.14 Jul.14 Aug.14 Sept.14 Oct.14 Nov. 14 Dec. 14 Jan. The data were subjected to analysis of variance, and means were compared using Tukey's test at the 5 % significance level. Statistical analyses were performed using SISVAR 4.6 statistical software (FERREIRA 2011).
RESULTS AND DISCUSSION
The forage system affected (P<0.05) the concentration and accumulation of nitrogen (N) in the biomass (Table 1) In the evaluation of N accumulation in biomass, monocropped Paiaguas palisadegrass exhibited higher N accumulation at all evaluation periods (Table 1) , similar to (XAVIER et al., 2014) due to the higher N concentration and biomass production observed in this system. Thus, the importance of using Paiaguas palisadegrass in intercropped and no-tillage systems when seeking higher system efficiency is notable, as it leads to higher biomass production and consequently higher nutrient accumulation in the biomass.
The amount of N that returns to the soil in the form of the remaining biomass is a relevant fraction of the total N absorbed by subsequent plants, even in N-fixing crops, as is the case for soybean. Studies on pearl millet intercropped with tropical forages seeking to determine biomass production under NTS are still scarce (COSTA et al., 2012) . However, (MENDONÇA et al., 2015) evaluated nutrient release in forage intercropped with corn and in succession with soybean and observed 70 kg ha -1 N accumulation in Tanzania grass intercropped with corn, sown by simultaneous casting of both crops. This value was lower than we observed in monocropped Paiaguas palisadegrass at 120 days. In exclusive systems (BERNARDES et al., 2010) observed 229 and 327 kg ha -1 N accumulation in Marandu palisadegrass and Mombaça grass, respectively, at 75 days after the grasses were cut, corroborating the results observed for monocropped Paiaguas palisadegrass at 30 days, demonstrating the nutrient accumulation potential of Paiaguas palisadegrass. When initial N accumulation was compared with the values observed at 120 days after the application of management measures (soybean harvesting), the monocropped pearl millet and oversown pearl millet intercropped with Paiaguas palisadegrass exhibited the lowest loss values, which may be explained by pearl millet exhibiting a higher C/N ratio compared with Paiaguas palisadegrass and by the lower biomass production of the forage, which cause decomposition and N mineralization processes to be slower.
The N is the nutrient that is most extracted by forage species after K and therefore exhibits higher accumulation in biomass (MENDONÇA et al., 2015) . However, a longer period is required for the same amount of extracted N to be released via mineralization and return to the soil. Once N is fixed in organic compounds, it is available for cycling in the plant-straw-soil complex (CRUSCIOL et al., 2005) .
Regarding the sowing period, the first period exhibited the highest (P<0.05) N accumulation values for all forage systems at 30 and 60 days, except for the oversown intercrop. The sowing period affected N accumulation (P<0.05) at 90 and 120 days, when only monocropped Paiaguas palisadegrass exhibited higher accumulation, due to the greater dry biomass production observed during the first sowing period.
Regarding the evaluation of the phosphorus (P) concentration during the first and second sowing periods, Table 2 shows that the values were similar (P<0.05) among the forage systems at 30 and 60 days after the application of the management protocol. Monocropped pearl millet exhibited the lowest value during the second period at 90 and 120 days, differing from pearl millet intercropped in rows and between rows with Paiaguas palisadegrass. These results suggest that the higher biomass production and lower carbon/nitrogen ratio of the monocropped Paiaguas palisadegrass and Paiaguas palisadegrass intercropped in the rows and between rows compared with pearl millet (COSTA et al., 2016) could have contributed to rapid decomposition and P release.
Assessing the yield and nutrient release from forage crops intercropped with maize for silage, and soybean in succession (MENDONÇA et al., 2015) observed P accumulation of 13 kg ha -1 in the biomass of Tanzania grass intercropped with corn at sowing via simultaneous casting; this value is lower than those obtained in the present study in the evaluations conducted at 30, 60 and 90 days. These authors reported that the P contained in organic compounds is usually bound to proteins and molecules involved in energy transport and becomes available for the subsequent crop and/or can be immobilized in poorly soluble mineral compounds. Therefore, it is important to consider that P, even when accumulated in dry biomass, will not be readily available for the subsequent crop. However, when the sowing periods were compared, there was no difference (P>0.05) observed between the two periods under all of the examined forage systems at all evaluations. Means followed by different uppercase letters in the columns (forage systems) and lowercase letters in the rows (sowing periods) differ from each other according to Tukey's test at the 5% probability level.
Regarding P accumulation in the biomass of the forage systems, monocropped Paiaguas palisadegrass exhibited higher accumulation compared with the intercropped systems and monocropped pearl millet at all evaluations ( Table 2) . The P accumulation of 38 kg ha -1 and 20 kg ha -1 in the biomass of ADR 500 millet and Xaraes palisadegrass, respectively, during the 2009/2010 crop season (COSTA et al., 2015) . This difference in accumulation compared with monocropped pearl millet is mainly due to biomass production, as the ADR 500 variety is intended for forage production and thus presents greater genetic potential for this type of production compared with the ADR 8010 hybrid. Paiaguas palisadegrass exhibited P values similar to xaraes Means followed by different uppercase letters in the columns (forage systems) and lowercase letters in the rows (sowing periods) differ from each other according to Tukey's test at the 5% probability level.
grass; however, the planting of cover crops in the study (COSTA et al., 2015) occurred during the summer, resulting in the production of a greater amount of biomass.
The intensity and duration of rainfall is a factor that can increase the amount of P that returns to the soil from the remaining biomass (COSTA et al., 2012) . Therefore, the rainfall that occurred during the evaluation of litter bags between November 2014 and February 2015 (Figure 1 ), which exhibited a mean value of 290.5 mm, may have favored the release of a portion of the P present in the biomass to the soil system. Means followed by different uppercase letters in the columns (forage systems) and lowercase letters in the rows (sowing periods) differ from each other according to Tukey's test at the 5% probability level. Table 3 shows data on the concentration and accumulation of potassium (K) in the biomass of the forage systems. K concentrations recorded at 30 days in both sowing periods and at 60, 90 and 120 days in the first period were highest (P<0.05) in monocropped Paiaguas palisadegrass, followed by the row and inter-row intercrop systems. These results can be explained by two factors: the first is the higher biomass production in this system (COSTA et al., 2016) , and the second is the high K accumulation capacity in the biomass of forage grasses, where K is the most accumulated nutrient (COSTA et al., 2015 Means followed by different uppercase letters in the columns (forage systems) and lowercase letters in the rows (sowing periods) differ from each other according to Tukey's test at the 5% probability level.
the systems in the second sowing period starting at the 60-day evaluation, as similar K concentration values were observed.
It is important to note that unlike N, K is not a component of complex structural molecules in plant tissue and is therefore easily released to the subsequent crop according to the amount accumulated in biomass (ROSOLEM et al., 2003) , without a need for decomposition for this to occur.
The effect of the sowing period (P<0.05) on the K concentration in the biomass was only evident at 60 days in monocropped Paiaguas palisadegrass and Paiaguas palisadegrass intercropped in rows and at 90 days in monocropped Paiaguas palisadegrass and Paiaguas Means followed by different uppercase letters in the columns (forage systems) and lowercase letters in the rows (sowing periods) differ from each other according to Tukey's test at the 5% probability level.
palisadegrass intercropped in rows and between rows. The first sowing period led to higher K concentrations at both evaluations. Regarding K accumulation in the biomass of the examined systems, monocropped Paiaguas palisadegrass differed (P<0.05) from the other forage systems, exhibiting higher accumulation values at all evaluation periods. This result is associated with the higher biomass production of the forage (COSTA et al., 2016) . In contrast, the oversown pearl millet Paiaguas palisadegrass intercrop exhibited the lowest accumulation of K in the biomass, similar to the other nutrients discussed above, which may be explained by the low biomass production observed in this system, due to the effect of competition (COSTA et al., 2016 Means followed by different uppercase letters in the columns (forage systems) and lowercase letters in the rows (sowing periods) differ from each other according to Tukey's test at the 5% probability level.
It is noteworthy that K was the macronutrient exhibiting the highest accumulation in the biomass, followed by N, corroborating the results obtained (PARIZ et al., 2011; COSTA et al., 2015; MENDONÇA et al., 2015) . According to various studies, K and N are the nutrients exhibiting the highest absorption and accumulation in the plant tissue of cover crops. Additionally, the high K accumulation observed in the present study for Paiaguas palisadegrass that was monocropped or intercropped in rows or between rows indicates that Urochloa brizantha cultivars extract large amounts of K from the soil, accumulating this K in their biomass, as observed in other studies (COSTA et al., 2015) .
When initial K accumulation was compared with the values recorded during the last evaluation at 120 days after the application of management procedures, decreases of 70, 73, 85, 76 and 66% were observed for monocropped pearl millet and Paiaguas palisadegrass and the row, interrow and oversown intercrop systems, respectively, during the first sowing period. For the same sequence during the second period, decreases of 60, 70, 75, 74 and 50% were recorded. The observed decreases in K were greater compared with the other nutrients most likely due to K being easily extracted from straw, without requiring the biological processes of decomposition and mineralization because K is not part of the plant as a structural constituent (ROSOLEM et al., 2003) . According to Santos et al. (2008) , the amount of K that is rapidly released by biomass is approximately 80% for grasses and 90 % for legumes; thus, these systems play an important role in K cycling.
Regarding the sowing periods, at 30, 60 and 90 days, the highest K accumulation was observed during the first sowing period for monocropped Paiaguas palisadegrass and Paiaguas palisadegrass intercropped in rows and between rows. The higher biomass production observed in these systems during the first sowing period (COSTA et al., 2016) was most likely the predominant factor in the higher K accumulation and concentration in the biomass.
When evaluating the calcium concentration (Ca) at 30, 60 and 90 days, during both sowing periods, the highest values were obtained in monocropped Paiaguas palisadegrass and Paiaguas palisadegrass intercropped in the rows and between rows. These results corroborate the findings regarding N and K concentrations. With respect to the sowing periods, the first period exhibited the highest calcium concentration at 30 days for monocropped Paiaguas palisadegrass, at 90 days for monocropped pearl millet and at 120 days for monocropped pearl millet and Paiaguas palisadegrass, for the row, inter-row and oversown intercrop systems, respectively.
Monocropped Paiaguas palisadegrass displayed higher (P<0.05) Ca biomass accumulation at all evaluations in both sowing periods, with values ranging from 36 to 24 kg ha -1 at 30 days after the application of management procedures and 14 kg ha -1 at 120 days (soybean harvest) for the first and second periods, respectively. However, according to Crusciol et al. (2005) , only 30 % of the Ca accumulated in straw is slowly released through decomposition of the remaining biomass because this nutrient is a constituent of cell structures, such as the cell wall, and is a cofactor of some enzymes related to plant respiration, which hinders its mineralization and release to the soil system. Ca residual evaluated at 120 days after the application of management procedures for a cover crop (MENDONÇA et al., 2015) found 5 kg ha -1 de Ca in a intercropped grass corn-Tanzania system. However, Costa et al. (2015) observed higher accumulation values of 32 kg ha -1 for millet and 12 kg ha -1 for Xaraes palisadegrass during the 2009/2010 crop season. The higher values reported (COSTA et al., 2015) can be explained by biomass production, by the difference between the evaluated millet genotypes or by the fact that the crops were grown during the summer, leading to higher biomass accumulation.
Regarding sowing periods, the biomass of the Paiaguas palisadegrass monocropped and intercropped in between rows at 30 and 60 days after the application of management procedures and of the pearl millet intercropped with Paiaguas palisadegrass in between rows at 90 days exhibited the highest Ca accumulation during the first sowing period, which was due to the higher biomass production observed during this period (COSTA et al., 2016. There was no significant effect (P>0.05) of the forage systems and sowing periods on the magnesium (Mg) concentration, as the values observed were similar (Table  5) . It is important to note that after K and N, Mg was the nutrient with highest concentration in the biomass. Mendonça et al. (2015) reported that approximately 70% of the Mg from biomass is quickly made available for the subsequent crop, as Mg is mostly found in the cell vacuole. The remaining 30 % is a component of structural compounds in the plant and is therefore gradually and slowly released (CRUSCIOL et al. 2005) .
The forage systems (P<0.05) affected the sulfur concentration (S) only at 120 days, with monocropped pearl millet and pearl millet intercropped in rows exhibiting the highest values (Table 6 ). There was no effect (P>0.05) of the sowing period on the S concentration and accumulation at all evaluations.
In contrast to S accumulation, monocropped Paiaguas palisadegrass exhibited the highest values, followed by the row intercrop system, the inter-row intercrop system and the monocropped pearl millet system. The oversown intercrop system was the system that least favored S accumulation. S exhibited the lowest accumulation in the remaining biomass among the examined nutrients. Corroborating the findings of the present study (COSTA et al., 2015) also observed that S was the nutrient showing the lowest accumulation in the remaining biomass, with values of 6 and 9 kg ha -1 being observed for Xaraes palisadegrass and 17 and 11 kg ha the soil due to the high carbon/nitrogen ratio (COSTA et al., 2016) and by the lignified material, which hinders the release of constituent nutrients of complex molecules present in plant tissue.
The decreasing order of nutrient accumulation in the remaining biomass under all forage systems was as follows: K > > Mg > Ca > P > S. These results highlight the importance of pearl millet Paiaguas palisadegrass intercropping in production systems, as these species are involved in nutrient cycling. Additionally, the remaining biomass in the soil promotes maintenance and protection of the soil-plant system, providing benefits to the soil microbiota via the nutrient supply and maintaining adequate moisture content for the subsequent crop (KLIEMANN et al., 2006) . Therefore, it is important that species that produce biomass with slower decomposition be chosen (TORRES et al. 2005) . Thus, tropical forages intercropped with annual crops can lead to permanent soil cover under a no-tillage system (PARIZ et al., 2011) . However, it should be noted that the process of nutrient cycling requires time for these and other nutrients to be made available to the soil. Thus, the benefits are not immediately observed (COSTA et al., 2012) .
Therefore, the pearl millet Paiaguas palisadegrass intercrop system is a good alternative, involving quality biomass produced in crop-livestock integration system that operates in the cycling of nutrients for direct sowing. Additionally, it maintains the stock of carbon in biomass and soil (COSTA et al., 2016) , is considered a soil management mitigating the greenhouse effect and preserving the environment.
CONCLUSIONS
Monocropped Paiaguas palisadegrass and Paiaguas palisadegrass intercropped in rows and between rows exhibited higher nutrient cycling and accumulation in the remaining biomass.
The decreasing order of nutrient accumulation the under all of the examined forage systems was as follows: K > N > Mg > Ca > P > S. Potassium was the most accumulated nutrient in the biomass and exhibited the greatest percent decrease with the decomposition time.
The first sowing period of the forage systems led to higher nutrient cycling and accumulation in the biomass.
Intercropped systems through in integrated croplivestock showed a promising cultivation technique to maintain the nutrient cycling and accumulation with sustainability.
